Structure-activity relationships of phenothiazines and related drugs for inhibition of protein kinase C.
Phenothiazines are known to inhibit the activity of protein kinase C. To identify structural features that determine inhibitory activity against the enzyme, we utilized a semiautomated assay [Anal. Biochem. 187:84-88 (1990)] to compare the potency of greater than 50 phenothiazines and related compounds. Potency was decreased by trifluoro substitution at position 2 on the phenothiazine nucleus and increased by quinoid structures on the nucleus. An alkyl bridge of at least three carbons connecting the terminal amine to the nucleus was required for activity. Primary amines and unsubstituted piperazines were the most potent amino side chains. We selected 7,8-dihydroxychlorpromazine (DHCP) (IC50 = 8.3 microM) and 2-chloro-9-(3-[1-piperazinyl]propylidene)thioxanthene (N751) (IC50 = 14 microM) for further study because of their potency and distinct structural features. Under standard (vesicle) assay conditions, DHCP was noncompetitive with respect to phosphatidylserine and a mixed-type inhibitor with respect to ATP. N751 was competitive with respect to phosphatidylserine and noncompetitive with respect to ATP. Using the mixed micelle assay, DHCP was a competitive inhibitor with respect to both phosphatidylserine and ATP. DHCP was selective for protein kinase C compared with cAMP-dependent protein kinase, calmodulin-dependent protein kinase type II, and casein kinase. N751 was more potent against protein kinase C compared with cAMP-dependent protein kinase and casein kinase but less potent against protein kinase C compared with calmodulin-dependent protein kinase type II. DHCP was analyzed for its ability to inhibit different isoenzymes of protein kinase C, and no significant isozyme selectivity was detected. These data provide important information for the rational design of more potent and selective inhibitors of protein kinase C.